General
Unless otherwise indicated, all reagents were purchased from commercial sources and used without further purification. And deuterated solvents were purchased from Aldrich. Refinement of the mixed system through Column chromatography which was performed on silica gel (200-300 mesh) with petroleum ether (solvent A)/ethyl acetate (solvent B) gradients as elution. In addition, all yields were referred to isolated yields (average of two runs) of compounds unless otherwise specified. The known compounds were partly characterized by melting points (for solid samples), 1 H NMR, and compared to authentic samples or the literature data. Melting points were measured with a RD-II digital melting point apparatus and were uncorrected. 1 H NMR data were acquired at 300 K on a Bruker Advance 600 MHz spectrometer using CDCl 3 as solvent. Chemical shifts are reported in ppm from tetramethylsilane with the solvent CDCl 3 resonance as the internal standard (CDCl 3 = 7.26). Spectra are reported as follows: chemical shift (δ = ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz) , integration, and assignment.
Preparation of the Pd catalyst 1
A mixture of Pd(PPh 3 ) 4 (260 mg, 0.225 mmol), tetra (ethylene glycol) (418 mg, 2.20 mmol), 1-butanol (3 mL, 32.7 mmol), and aluminum tri-sec-butoxide (9.50 g, 38.5 mmol) was stirred at 110 o C for 10 h. Then water was dropwise added and the reaction system was heated to 110 o C and stirred constantly for another 0.5 h to form a black gel. Subsequently, filtering, washing with acetone, and drying the gel gave the catalyst 1 (2.75 g) as dark greyish-green powder under air atmosphere at room temperature (See Scheme 1). 
Optimization of Sonogashira reaction of (Het)aryl halides
We first investigated the Sonogashira reaction between 4-methoxybromobenzene (1o) with phenylacetylene (2a) to optimize the reaction conditions (Table 1) . Screening of common solvents showed that DMSO was the best choice over DMF, NMP, THF, toluene, and H 2 O (Table 1, entries   S3 1−5). The bases have a strong effect on the reaction yield, and NaOAc was the best among the bases screened, including K 2 CO 3 , Et 3 N, K 3 PO 4 , and KOAc (Table 1 , entries 2, 6−8 and 10). The reaction did not give 3o at all when KOH was used (Table 1 , entry 9). Of solvent dosage and the amount of bases examined, it turned out that 1.0 mL DMSO and 1.5 equiv. of NaOAc were perfect for the reaction, respectively (Table 1 , entries 10−14). Subsequently, the evaluation of both catalyst loading and the amount of phenylacetylene revealed that 0.1 mol% nano-pd catalyst 1 gave the best results in the presence of 1.5 equiv of phenylacetylene (Table 1 , entries 10 and 15−18). It is noteworthy that the addition of TBAB improved the result further, providing 3o in 91% yield (Table 1 , entry 19). 
General procedure for Sonogashira reaction of (Het)aryl bromides and chlorides
To a tube equipped with a magnetic stir bar were added the nano-Pd catalyst 1 (8.8 mg, 0.2 mol% Pd), 1.5 equiv. of NaOAc (24.5 mg, 0.3 mmol), and 0.5 equiv. of TBAB (32.3 mg, 0.1 mmol) under N 2 atmosphere. Subsequently, aryl bromide (0.2 mmol), 1.5 equiv. of phenylacetylene (0.3 mmol) and the solvent (DMSO, 1.0 mL) in turn were added. The reaction system was then heated to 120 °C and stirred until aryl bromide was completely consumed as determined by TLC. At last, the reaction mixture was purified by silica gel column chromatography to afford the desired pure coupling product.
General procedure for Heck reaction of aryl bromides and chlorides
To a tube equipped with a magnetic stirring bar were added nano-Pd catalyst 1 (0.1 mol% Pd), 
The procedure for recycled Sonogashira reaction
To a tube equipped with a magnetic stir bar were added NaOAc (24.5 mg, 0.3 mmol, 1.5 equiv.), TBAB (32.3 mg, 0.1 mmol, 0.5 equiv.) and the Pd catalyst 1 (19.6 mg, 0.7 mol % Pd) in turn.
Subsequently, the solvent (DMSO, 1.0 mL), 4-methoxybromobenzene 1o (1.0 equiv), and phenylacetylene 2a (1.5 equiv.) were in turn added under N 2 atmosphere. The reaction mixture was then stirred at 120 o C for the specified time. The corresponding recycling reactions were carried out with the recovered Pd catalyst 1 that determined the amount of the substrate and reagents as reference at 120 o C. Reaction times were 40, 41, 42, 42, 43 and 45 h for cycles 1, 2, 3, 4, 5, and 6, respectively. After the reactions were fully performed as determined by TLC, 3 mL H 2 O and 4 mL CH 2 Cl 2 were added, and the reaction system was shaken well. Subsequently, the Pd catalyst 1 was recovered through membrane filtration and reused in the next reaction. After the organic phase was separated from the reaction system, the water phase was extracted with CH 2 Cl 2 (3×4 mL). The organic layer was then combined and dried over anhydrous Na 2 SO 4 . At last, the solvent was removed in vacuum and the residue was purified by silica gel column chromatography S5 to afford the pure product 3o. 16 
2-Fluoro-diphenylacetylene (3e)

F
S6
Following the general procedure, 1-bromo-2-fluorobenzene provided the 34.9 mg (0.178 mmol, 89% yield) of coupling product after purification by column chromatography. 
4-Fluoro-diphenylacetylene (3g) 10i
F
Following the general procedure, 1-bromo-4-fluorobenzene provided the 37.3 mg (0.19 mmol, 95% yield) of coupling product after purification by column chromatography. 1-Ethynyl-4-fluorobenzene offered 34.5 mg (0.176 mmol, 88% yield) of coupling product. White solid; mp. : 109-110 o C; 1 H NMR (600 MHz, CDCl 3 ): δ =7.02-7.07 (tt, J = 9.7, 2.8 Hz, 2H), 7.33-7.37 (m, 3H), 7.49-7.53 (tt, J = 7.9, 2.6,Hz, 4H) ppm.
3-Chloro-diphenylacetylene (3h) 10j
Cl
Following the general procedure, the 39.4 mg (0.186 mmol, 93% yield) of coupling product was provided after purification by column chromatography; Yellow oil; 1 H NMR (600 MHz, CDCl 3 ): δ = 7.27-7.30 (d, J = 7.7 Hz, 1H), 7.30-7.33 (ddd, J = 8.0, 1.7, 1.3 Hz, 1H), 7.34-7.38(m, 3H), 7.40-7.43 (dt, J = 7.4, 1.4 Hz, 1H) ppm.
4-Chloro-diphenylacetylene (3i) 8a,8p,12d
Cl Following the general procedure, the 41.5 mg (0.196 mmol, 98% yield) of coupling product was provided after purification by column chromatography; White solid; mp: 109-110 o C; 1 H NMR (600 MHz, CDCl 3 ): δ = 7.30-7.33 (dt, J = 9.0, 2.3 Hz, 2H), 7.32-7.36 (m, 3H), 7.43-7.46(dt, J = 9.0, 2.4 Hz, 2H), 7.50-7.53 (m, 2H) ppm.
4-Formaldehydediphenylacetylene (3j) 6c
OHC
Following the general procedure, the 37.9 mg (0.184 mmol, 92% yield) of coupling product was provided after purification by column chromatography; White solid; 
3-Methyl-diphenylacetylene (3l) 8h
Following the general procedure, 1-bromo-3-methylbenzene provided the 36.9 mg (0.192 mmol, 86% yield) of coupling product after purification by column chromatography. 
4-Methyl-diphenylacetylene (3m) 8g
Following the general procedure, 1-bromo-4-methylbenzene provided the 35.3 mg (0.184 mmol, 92% yield) of coupling product after purification by column chromatography. 21 
4-Methyl-3-Phenylethynylpyridine (3x)
N
Following the general procedure, the 26.6 mg (0.138 mmol, 69% yield) of coupling product was provided after purification by column chromatography; Colourless liquid; 1 H NMR (600 MHz, 21 
2-Phenylethynylquinoline (3z)
N
Following the general procedure, the 32.5 mg (0.142 mmol, 71% yield) of coupling product was provided after purification by column chromatography; Yellow solid; mp. (E)-butyl 3-(2,6-dimethylphenyl)acrylate (5m) 26 
COO n Bu
Following the general procedure, the 26.5 mg (0.114 mmol, 57% yield) of coupling product was provided after purification by column chromatography; 
trans-2-methylstilbene (5x) 7a
Ph
Following the general procedure, the 31.9 mg (0.164 mmol, 82% yield) of coupling product was
